The prevalence of autism spectrum disorder (ASD) in boys is nearly four times higher than in 40 girls, and the causes of this sex difference are not fully known. Difficulties in executive 41 function may be involved in development of autistic symptomatology. Here we investigated 42 sex differences in the relationship between executive function in everyday life and social 43 dysfunction symptoms in a sample of 116 children (25 girls) aged 5-19 years with IQ above 44 70 and with a diagnosis of ASD. They were assessed with the Behavior Rating Inventory of 45
An important factor in the prevalence ratio in ASD seems to be related to cognitive level; 82 lower IQ is associated with a lower male-to-female ratio 2,5,11 . However, this finding needs to 83 be treated with caution, since only about half of the studies included in Loomes and 84 colleague's recent review included sufficient information regarding IQ 2 . It has also been 85 recognized that the autistic symptoms are less apparent in girls than boys. This phenomenon 86 might be due better learning of compensatory behaviors and skills to mask their social 87 challenges 12, 13 and that parents, teachers, and clinicians are less able to recognize autistic 88 symptoms in girls 14 . Girls with ASD tend to have better social skills and less behaviour 89 problems than boys with ASD, which might make it harder to recognise their autistic 90 characteristics 10 . Furthermore, some have found that girls with ASD have less repetitive 91 behavior and interests compared to boys with ASD 1,15 . 92 93 EF deficits constitute one of the main cognitive theories of ASD [16] [17] [18] , together with Theory of 94
Mind and Central Coherence 19 . Recent meta-analyses confirm that on average, people with 95 ASD perform worse on executive function (EF) tasks than neurotypical controls 20,21 . EF 96 comprises several components including inhibition, working memory, flexibility, emotional 97 control, initiation, planning, organization, monitoring and self-control 17, 22 . These components 98 enable the individual to disengage from the present context to effectuate future goals. 99
Demetriou and colleagues 20 found consistent evidence of an overall moderate effect size 100 (Hedges' g = 0.48) of executive dysfunction in ASD, that the deficits are relatively stable 101 across development, with few differences across subdomains 20 . In a meta-analysis that also 102 included children and adolescents with ASD and comorbid attention deficit/hyperactivity 103 disorder (ADHD), Lai and colleagues 21 confirmed that children with ASD tend to have 104 executive dysfunction with small to moderate effect sizes (Hedges' g = 0.41-0.67), and that this was not solely accounted for by the effect of comorbid ADHD or general cognitive 106 abilities. Further, the questionnaire Behavior Rating Inventory of Executive Function 107 (BRIEF) was found to be a better clinical marker of ASD than performance based tests 20 . 108 This is probably because it can be difficult to generalize from EF assessed in highly structured 109 laboratory settings, and that questionnaires regarding everyday functioning have a higher 110 ecological validity and thus also a better clinical utility than neuropsychological tests 20, 23 . In 111 addition, intelligence and age are factors that might influence EF in children with ASD 24 . 112 113 Sex differences in the relationship between EF and social function might contribute to the 114 skewed sex distribution in ASD. If girls who reach a clinical diagnosis of ASD tend to be 115 more impaired and have a higher genetic burden than boys 10 , the relationship between EF 116 deficits and social difficulties may also be different in girls. Studies investigating this 117 relationship have focused on specific subdomains of EF examined mainly by 118 neuropsychological tests 11, [25] [26] [27] . Since some EF difficulties may not be observable in a 119 laboratory setting, informant based measures and questionnaires like the BRIEF might add 120 valuable information 23 . In addition to EF, there are indications that there also may be sex 121 differences in people with ASD within domains such as mentalizing, emotion perception, 122 perceptual attention to detail, and motor function 4 . 123 7 network 31 . The current sample consisted of 25 girls and 91 boys with ASD who were 156 recruited between 2013 and May 2018 and assessed at age 5-19 years. Fifteen of the children 157
(2 girls, 13 boys) were diagnosed with childhood autism, 9 (2 girls, 7 boys) with atypical 158 autism, 57 (14 girls, 43 boys) with Asperger syndrome and 35 (7 girls, 28 boys) with 159 unspecified pervasive developmental disorder (PDD-NOS). 160
161
The male:female ratio was 3.6:1. In total, 40 children (34.5%) had a comorbid disorder of 162 ADHD. All participants had an intelligence quotient (IQ) within the normal range based on a 163
standardized Wechsler's test (Full-scale IQ ≥ 70) and spoke Norwegian fluently. Exclusion 164 criteria were significant sensory losses (vision and/or hearing). 165
166

Clinical assessment 167
The children were assessed by a team of experienced clinicians (clinical psychologists and/or 168 child psychiatrists and educational therapists). Diagnostic conclusions were best-estimate 169 clinical diagnoses derived from tests, interview results and observations. All diagnoses were 170 based on the International Statistical Classification of Diseases and Related Health Problems 171 10 th Revision (ICD-10) 32 criteria, and the autistic symptoms were evaluated using the Autism 172 Diagnostic Observation Schedule (ADOS) 33 and/or Autism Diagnostic Interview-Revised 173 (ADI-R) 34 . In addition, the assessment included a full medical and developmental history, 174 physical examination and IQ assessment. Because ASD and ADHD often co-occur (29), the 175 current study also included children with ASD and comorbid ADHD. 176
177
For a subsample of the group n = 34 (10 girls), we also had neuropsychological test data from 178 the Delis-Kaplan Executive Function System (D-KEFS) 35 . We used five of the subtests from for Twenty Questions Initial Abstract Score (n = 28) and 10.19 (2.34) for Tower Test Total 184 Achievement Score (n = 31). The subsample with neuropsychological test results was on 185 average older than the total sample (11.8 versus 10.3 year; p = 0.009), and fewer had 186 comorbid ADHD than the total sample (p = 0.043). However they did not differ from the total 187 sample in sex distribution (p = 0.185). Due to a small sample size, the neuropsychological test 188 results are included to describe the group and were not used in further analyses. Behavior. Higher scores indicate that an individual has a greater number of items representing 200 core ASD deficits and/or more severe symptoms 37 . All the participants were verbal children, 201 and therefore the algorithm for verbal children was used. We used the Norwegian translation 202 of the ADI-R 38 . 203 
Statistical analyses 222
Analyses were conducted using the R statistical environment (version 3.5.0) using the "jmv" 223 (Version 0.7.3.1; 47 ) and "cocor" packages 48 . Statistical significance was set at p < 0.05 and 224 adjusted according to number of comparisons. When adjusting critical p-values for multiple 225 tests it is important to carefully consider the risks of type-I and type-II errors 49 . Thus, we 226 provide justifications below for how we adjusted tests for multiple comparisons to control the 227 Type-I error rate. Conventional values were used for interpreting effect sizes (Effect size 228 values of 0.2, 0.5, and 0.8, were considered small, medium, and large effects, respectively 50 ).
Welch's t-tests were conducted to assess sex differences in ADI-R and BRIEF scores. As here 231 we were examining a series of tests and hypothesizing that these groups were not significantly 232 different, we adjusted for 6 tests (critical p-value = 0.008); 49,51 , with values less than 0.05 233 considered on the border of statistical significance. A chi-squared statistic was calculated to 234 assess the frequency distribution of comorbid ADHD between sexes. For the t-tests, Glass' 235 delta-which is unaffected by unequal variances-was used as a measures of effect size. 236
237
To assess the association between ADI-R sub-scores (i.e., reciprocal social interaction, 238 communication, and restricted, repetitive and stereotyped behavior) and EF (BRIEF GEC), 239
we first calculated a Pearson correlation coefficient. To assess the impact of covariates (i.e., 240 sex, IQ, age, ADHD, and a sex * EF interaction) on the association between ADI-R sub-241 scores and BRIEF GEC, we fitted a series of nested multiple regression models and then 242 compared the fit of these models by calculating Akaike information criterion (AIC) values 243 and F-ratios for model change. Lower AIC values are indicative of better model fit. As we 244
were interested in three sub-scores from the ADI-R for these multiple regression models, we 245 adjusted the critical value for 3 tests (critical p-value = 0.017), with values less than 0.05 246 considered on the border of statistical significance for the purposes of these analyses. 247
Although this is an arbitrary cutoff for values considered to be on the border of statistical 248 significance, we chose 0.05 as this is the value traditionally used when not corrected for 249 multiple comparisons. To generalise the regression results beyond the given samples, robust 250 regression was performed in the event of non-normally distributed standardized residuals via 251 bootstrapping with 2000 samples. We obtained bootstrapped 95% confidence intervals for the 252 model intercept and slopes and compared these with the confidence intervals from the original 253 model. Similar confidence intervals between original and bootstrapped models would suggest that there are no considerable problems with non-normal distribution of residuals in the 255 original models. Finally, we assessed the relationship between BRIEF GEC and ADI-R sub-256 scores in the male and female subgroups and Fisher's z test was used to assess whether these 257 correlations were significantly different. To examine the impact of more closely matched 258 boys and girls on age and IQ, the same model fit and comparison procedure was performed on 259 a subset of the sample, which was generated using the FUZZY extension command in SPSS. 260
These analyses can be found in the supplement section. We allowed cases to be matched on 261 age within 2 years and total IQ within 10 points. Three girls had missing full-scale IQ data, so 262 the 22 girls with no missing values were matched to 44 boys. 263
264
Results 265
Sex differences in age, IQ, ADI-R scores, and BRIEF scores 266
There were no statistically significant differences between sexes (critical alpha adjusted to p = 267 .008) in any of the ADI-R domains, BRIEF GEC, full-scale IQ, or age (Table 1) . However, 268 there were tendencies for girls to be slightly older (p = 0.029), have some more difficulties on 269 the BRIEF index MI (p = 0.045) and to have less difficulties with the ADI-R C domain 270 restricted and repetitive behaviour (p = 0.038) than the boys, but these sex differences did not 271 reach the adjusted significance level. 272
273
[ Table 1 about here] 274
275
There was no significant diffference in the proportion of males and females with comorbid 276 reciprocal social interaction and EF (r = 0.31, p < 0.001), as indexed by scores on the ADI-R-281
A and BRIEF GEC, respectively. We fitted three nested linear regression models to assess the 282 role of covariates (i.e., sex, IQ, age, and ADHD diagnosis) and the interaction of sex and EF 283 on the relationship between reciprocal social interaction and BRIEF GEC (Table 2A) . The 284 first model, which included sex, IQ, age, and ADHD diagnosis, was not statistically 285 significant (p = 0.49). The second nested model, which added BRIEF GEC, was on the border 286 of our adjusted statistical significance threshold (p = 0.04). The second model (AIC = 630.9) 287 was a significantly better fit of the data than the first model (AIC = 637.4; F(1, 96 = 8.38, p = 288 0.005), indicating that EF is related to reciprocal social interaction, over and above the main 289 effects of sex, IQ, age, and ADHD diagnosis. The third nested model, which added the 290 interaction of BRIEF GEC and sex, significantly predicted social interaction (p = 0.001). In 291 this model, BRIEF GEC, sex, and their interaction provided a statistically significant 292 contribution (Table 2A ). The third model (AIC = 619.7), which included a sex * BRIEF GEC 293 interaction term, was a significantly better model for the data than the second model, which 294 only included main effects (AIC = 630.9; F(1, 95) = 13.15, p < 0.001). 295
296
[ Table 2A about here] 297
298
The standardized residuals from models 1 (p = 0.02), 2 (p = 0.01), and 3 (p = 0.003) were not 299 normally distributed. Confidence intervals for the intercept and slopes of this model were 300 similar to a bootstrapped model (Table S3A) , indicating that there were no considerable 301 problems with non-normal distribution of residuals in the model. The relationship between 302 ADI-R A and BRIEF GEC was statistically significant in females (p < 0.001), but not males 303 (p = 0.08; Figure 1) . A formal comparison of these correlations suggested that the relationship between EF and reciprocal social interaction is stronger in females than males (Fisher's z = -305 3.56, p < 0.001). The same model fit and comparison procedure on subset of participants 306 more closely matched on age and IQ revealed similar results (Supplementary material S2A). 
317
The association between communication and executive function 318
There was a statistically significant correlation (adjusted critical alpha = 0.017) between 319 communication and EF (r = 0.33, p < 0.001), as indexed by scores on the ADI-R-B and 320 BRIEF GEC, respectively. We fitted three nested linear regression models to assess the role 321 of covariates and the interaction of sex and EF on the relationship between ADI-R B and 322 BRIEF GEC (Table 2B ). The first model, which including sex, IQ, age, and ADHD diagnosis, 323
was not statistically significant (p = 0.84). Although the second nested model was also not 324 statistically significant (p = 0.20), BRIEF GEC provided a contribution that was on the border 325 of statistical significance (p = 0.02). This second model (AIC = 577.3) was a better fit of the 326 data than the first model (AIC = 581.5; F(1, 92) = 5.98, p = 0.02), indicating that EF is related 327 to communication, over and above the main effects of sex, IQ, and ADHD diagnosis. 328
However, this effect was on the border of statistical significance (p = 0.02) and needs to be 329 validated in future studies. The third nested model, which added the interaction of BRIEF 330 (p = 0.004), 2 (p = 0.02), and 3 (p = 0.01) were not normally distributed. Confidence intervals 336 for the intercept and slopes of this model were similar to a bootstrapped model (Table S3B) , 337
indicating that there were no considerable problems with non-normal distribution of residuals 338 in the model. The relationship between BRIEF GEC and ADI-R B was statistically 339 significant in females (p < 0.001), but not males (p = 0.03; Figure 1) . A formal comparison of 340 these correlations suggested that the relationship between EF and communication is stronger 341 in females than males (Fisher's z = -2.62, p = 0.01). The same model fit and comparison 342 procedure on subset of participants more closely matched on age and IQ revealed similar 343 results (Supplementary material S2B). 344
345
[ Table 2B about here] 346
347
The association between restricted, repetitive and stereotyped behavior and executive 348 function 349
The correlation between restricted, repetitive and stereotyped behavior and EF, as indexed by 350 scores on the ADI-R-C and BRIEF GEC respectively, was on the border of the adjusted 351 critical alpha (r = 0.22, p = 0.019; adjusted critical alpha = 0.017). We fitted three nested 352 linear regression models to assess the role of covariates and the interaction of sex and EF on 353 the relationship between repetitive behavior and EF (Table 2C ). The first model, which 354 including sex, IQ, age, and ADHD diagnosis, was not statistically significant (p = 0.43). Nor 355 was the second nested model which added BRIEF GEC (p = 0.12). This second model (AIC = 356 439.9) was a better fit of the data than the first model (AIC = 443.1; F(1, 93) = 5.08, p = 357 0.03), but was on the border of statistical significance. The third nested model (adding the 358 interaction of BRIEF GEC and sex) was not statistically significant (p = 0.06) ( Table 2C ).
The third model (AIC = 438.4) was a better fit of the data than the second model (AIC = 360 439.9), but this was not statistically significant (F(1, 92) = 3.3, p = 0.07). The standardized 361 residuals from models 2 and 3, which included the predictor of EF were normally distributed 362 (p > 0.05), however, they were not normally distributed for the first model (p = 0.01). 363
Confidence intervals for the intercept and slopes of this model were similar to a bootstrapped 364 model (Table S3C) , indicating that there were no considerable problems with non-normal 365 distribution of residuals in the model. The relationship between EF and repetitive behavior 366 was statistically significant in females (p = 0.007) but not statistically significance in males (p 367 = 0.09; Fig 1) . However, formal comparisons of these two correlations showed that they were 368 not significantly different (Fisher's z = -1.72, p = 0.09). The same model fit and comparison 369 procedure on subset of participants more closely matched on age and IQ revealed similar 370 results (Supplementary material S2C). 371
372
[ Table 2C about here] 373 374
Discussion 375
The main finding of the current study is that there are sex differences in the relationship 376 between EF in everyday life and social difficulties related to ASD. We found a strong 377 association between the BRIEF (GEC) scores and the ADI-R domains reciprocal social 378 interaction and communication in girls, while these relationships were small and non-379 significant in boys. We did not find sex differences in the relationship between executive 380 dysfunction and restricted and repetitive behaviors. These results have implications for 381 understanding the different clinical manifestations of ASD in girls and boys. The findings 382 indicate that girls and boys might have a different relationship between cognitive and 383 behavioural phenotypes, which may provide novel information in search for different 384 etiologies in girls and boys with ASD. Furthermore, it supports the notion that there may be 385 different reasons for the behavioural problems related to ASD in girls and boys, with girls' 386 social and communicative challenges more strongly related to EF deficits. This could also 387 help to develop sex-differentiated interventions. 388
389
Of particular note, we found evidence for a relationship between EF deficits and difficulties in 390 the domains social reciprocity and communication, but not for the relationship between EF 391 deficits and restrictive and repetitive behavior (RRB). This differs from previous studies, 392 which found that EF difficulties were mainly related to RRB 52,53 . However, these studies did 393 not investigate the differences between girls and boys. On the other hand, Kenworthy and 394 colleagues showed that EF deficits, measured with both performance tests and parental 395 questionnaires, were related to all three components of the triad of impairment in ASD 28 . 396 that girls had slightly less reported problems related to RRB (ADI-R C), which is in line with 400 previous studies 54 . Results from the Simons Simplex Collection showed lower levels of 401 restricted interests in girls 55 , and others have found that girls with ASD have less RBB 402 compared to boys, especially for high functioning girls 56 . 403
404
The participants in our study did not significantly differ in the total amount of executive 405 difficulties (GEC), but girls had higher scores (were slightly more impaired) than boys on the 406 metacognitive index from the BRIEF. White and colleagues 30 reported that girls showed 407 more EF difficulties in a matched sample of 78 girls and 158 boys with ASD and ADHD 408 symptomatology. The BRIEF (GEC) scores for girls and boys from their study are similar to 409 our results; however, in our study the difference in GEC scores between girls and boys did not 410 reach the corrected level of significance. This might be due to a smaller sample size and a 411 stricter control for multiple testing in our study. 412
413
We showed a strong link between EF deficits in everyday life and social dysfunction for girls 414 with ASD. However, EF deficits seem to have a weaker association to social dysfunction for 415 boys, which suggest that their social difficulties may have a different etiology. Despite not 416 collecting any genetic information in our study, the finding is consistent with earlier studies 417 suggesting that girls require a greater genetic load to manifest autistics symptoms, and that 418 their cognitive and behavior characteristics tend to be more severe than boys when they are 419 diagnosed 57 . The main finding in our study is not that girls with ASD have more EF deficits 420 than boys, but that the EF deficits are stronger linked to core ASD symptoms in girls. Our 421 study only investigated the association between EF and social function, and does not give 422 insight into the causal relationship between these two functional areas. Still, it is reasonable to argue that in girls, EF difficulties might drive social difficulties. This possible causal 424 explanation should be further investigated in follow-up studies. 425
426
In typically developed children, girls appear to be more mature than boys, better at adapting 427 to the classroom environment and more sociable 58 . These differences may explain why girls 428 tend to outperform boys in the early school years 58 . Consequently, there tends to be different 429 societal expectations of girls and boys in terms of social functioning. Girls with ASD might 430 have more difficulties socially interacting with other girls, than boys with ASD have socially 431 interacting with other boys 59,60 . Thus, when EF is impaired in girls with ASD, it may have 432 stronger negative effects on their social functioning because it requires more of their total 433 cognitive resources. 434
435
Although the ADI-R together with the ADOS is considered to be the gold standard for 436 assessing ASD 61,62 , recent studies suggest that these diagnostic instruments may not be 437 equally effective in identifying symptoms in both sexes. Beggiato and colleagues 54 438 investigated if the ADI-R items discriminate between males and females, and found that in 439 two large cohorts the ADI-R was better at classifying males than females. They argue that 440 because clinicians use diagnostic tools (like the ADOS and the ADI-R) that are not gender 441 specific, it is likely that girls are underrepresented. Other screening instruments for autism 442 symptoms like the Autism Spectrum Screening Questionnaire (ASSQ) and the Social 443
Responsiveness Scale (SRS) have gender-specific items or different norms for boys and girls, 444 to better to capture the "female phenotype" of autism 54 . Thus, although girls and boys in our 445 study have the same level of difficulties in social reciprocity and communication, they might 446 have different expressions of autism symptoms in everyday life. We did not use the screening 447 tools ASSQ or SRS because ADI-R is considered the gold standard measure of autism symptomatology. Further, ADI-R involves a clinical rating and not just parent reports, taking 449 into account the clinical judgment. 450
451
In our study 34.5% of the children had a comorbid diagnosis of ADHD. Both ASD and 452 ADHD are characterized by executive dysfunction, but the two disorders typically differ in 453 terms of which subdomains of EF that are affected. Where individuals with ADHD usually 454 have problems with inhibition, those with ASD are more likely to have difficulties with 455 flexibility and planning 63 . Recently, it is suggested that as many as 40-70% of children and 456 adolescents with ASD have a comorbid diagnosis of ADHD 19,64,65 . This complicates the 457 picture regarding EF deficits, considering that the two disorders typically represent different 458 aspects of EF deficits. In our study we did not have any significant sex differences in the 459 distribution of ADHD. Furthermore, we included ADHD diagnosis as a predictor in our 460 nested regression models (Table 2A -C). ADHD diagnosis did not have a significant 461 contribution to the outcome measures related to social reciprocity, communication or RRB. 462
We argue that it is important to include children and adolescents with comorbid ADHD in 463 research on ASD, because ADHD is a common comorbid disorder in clinical populations. 464
However, it is important to be aware of the possible influence ADHD might have on 465 executive measures. Future research should combine the measurements used in this study 466 with genetic information and/or neuropsychological testing to investigate sex differences in 467 the relationship between EF and social difficulties in more depth. 468 469
Potential clinical implications 470
The finding that executive dysfunction and social difficulties are highly related in girls but not 471 in boys might be important for various aspects of clinical practice. Firstly, when girls present 472 high scores on the ADI-R, it is reasonable to assess for executive difficulties and vice versa.
Furthermore, because girls might have a higher risk for executive dysfunction in combination 474
with their social difficulties, the finding can have implications for the choice of interventions. 475
Following this argument, it is possible that girls (with the same amount of social difficulties 476 as boys) will benefit more from EF interventions. Some existing programs that aim to 477 enhance EF have shown to be effective on both social problems and EF 66 . However, to our 478 knowledge, research is yet to investigated whether this treatment may be more effective for 479 girls than boys. Future studies need to consider that sex differences might influence the effect 480 of interventions. 481 482
Strengths and limitations of the study 483
The study consists of a clinically well-defined sample of children and adolescents with ASD. 484
Even though we have a reasonable number of girls, the total number of girls is still relatively 485 small. The participants were recruited from specialist health care services, which may limit 486 the findings to the more severe conditions. Previous studies have shown that girls referred to 487 specialist clinics have more severe problems than boys 57 . The girls in our study were slightly 488 older than the boys, but age was accounted for in the nested linear models. The BRIEF is 489 based on parent's own observations and evaluations of the child. This parental bias might 490 have influenced the findings, but on the other hand, these instruments have been shown to be 491 ecologically valid measurements of how the child functions in everyday life. We have used 492 the t-score from the BRIEF in the analyses, which have age and gender "corrected" norms, 493 since t-scores are commonly used in literature, as well as clinical practice, and it is important 494 to understand how different clinical tools influences each other. Both the BRIEF and the ADI-495
Another reason for the sex difference in ASD prevalence might be that girls have a different 500 phenotype. Currently, the established diagnostic practices and tools like the ADOS and the 501 ADI-R are not constructed or adapted to measure the subtle difficulties that girls may present 502 with, which differ from the typical presentation of ASD symptoms in boys. Lai and 503 colleagues suggest this might be a circular phenomenon, since an ASD diagnosis is based on 504 behavioral descriptions, and the most common diagnostic tools are largely validated on the 505 classic male phenotype of autism behaviors 1 . 506 507
Conclusion 508
We report sex differences in the relationship between executive dysfunction and social 509 difficulties in individuals with ASD. Our study found a strong relationship between 
